Purpose -Urban areas are responsible for significant amounts of greenhouse gas (GHG) emissions, but cities can have quite different values of carbon footprints. The purpose of this paper is to identify the determinants of urban GHG emissions in order to explain these differences. Design/methodology/approach -Seven global cities -Bangkok, Chicago, London, Madrid, Mexico City, Milan and New York City -have been included in the paper's sample. These cases have been chosen in order to represent a variety of characteristics and contexts of developed and developing countries and according to data availability. A first level of analysis regards local GHG emission inventories, which attribute emissions to activity sectors. Sectorial emissions are then evaluated to quantify the relevance of several determinants: climate conditions, urban form, economic activities in place, state of technology, mobility and housing infrastructures and costs, and income and life style. Findings -Determinants show different weights in influencing behaviours at city level, and ultimately depend on economic, technical, social and cultural factors. Beside a significant role of climate conditions, urban density appears as the main determinant in shaping residential emissions from direct fuel consumption, whereas, for electricity, consumption patterns and technological features of power generation play a major role. For ground transport, urban form affecting mobility patterns and technological features of the vehicle stock stand out as the most significant determinants. Originality/value -The paper provides a deep insight into urban GHG emission values, making use of a comprehensive set of urban data and highlighting several areas which could possibly be targeted in cities' GHG reduction policies. An enhanced and widened set of data could improve the paper's results in a significant way.
Introduction
The significant increase of the concentration of anthropogenic greenhouse gases (GHGs) in the atmosphere, which has been taking place since the beginning of the industrial era, is now acknowledged as the main driver of global warming. Among these GHGs, carbon dioxide is the most important and arises mainly from the combustion of fossil fuels. This implies that policies for climate change management need to look at all levels in which choices concerning energy production and consumption are taken.
Urban activities, in particular, are estimated to be responsible for 67 per cent of global energy consumption, an amount forecasted to grow to 73 per cent in 2030 (IEA, 2008) . Since 1990s, city governments have recognized a potential to reduce GHG emissions within urban areas and the distributed benefits that could emerge from climate-friendly policies in the energy, transportation and waste sectors, such as reduction in local energy costs for families and firms and improvement in air quality (Ostrom, 2009) . For these reasons, many local governments have committed voluntarily to emission reduction targets and have endorsed local GHG reduction strategies and plans [1] .
The contribution of individual cities to global GHG emissions can be very different. Values published in literature are in the range 2-30 tCO 2 e per capita (Dodman, 2009; Kennedy et al., 2009a; Sovacool and Brown, 2009 ). For nations, differences in emission levels can be put in direct relation with the degree of development. For cities such a relationship is not always true. Besides of factors typical of each national context, city emissions depend on specific local features. The aim of this paper is to identify the determinants of urban emissions, providing elements to explain differences among the emission levels of cities. The analysis is focused on global cities, which are strategic hubs in the international urban network and are key players in the global fight of climate change.
The sample of cities has been chosen following these criteria: population size over one million people; representativeness of different world areas (climate, economic performance); availability of a detailed GHG emissions inventory. Data availability at urban level has strongly conditioned the composition of the sample. As urban areas can be defined in different ways according to criteria used, it was chosen, where possible, to refer to the administrative boundaries of the city, that is the level at which more data are usually available.
GHG accounting at local level
Urban GHG inventories are the basis to develop local climate policies. They give a comprehensive overview of emissions in different sectors and highlight the greatest potentials to implement emission reduction measures. In lack of a standard for local inventories, local authorities have developed their own methodology or have relied on guidelines provided by international institutions and city networks. As a result, GHG emission figures that have been attributed to cities are not always comparable. Several authors have pointed out methodological differences among inventories, highlighting that most of approaches used are adaptations of the Intergovernmental Panel on Climate Change (IPCC) guidelines elaborated for national inventories (Kennedy et al., 2009a) .
Data availability has been identified as a critical aspect for local inventories: detailed and comprehensive datasets are not always available for cities (Bader and Bleischwitz, 2009) . In alternative to bottom-up approaches, which make use of local data, a top-down scaling is sometimes applied: this approach considers emissions estimates derived from national or regional data. Emissions are then scaled to the area of the local inventory, using some measures of activities directly or indirectly related to emissions, such as population figures, energy consumption and mobility demand (Hutchinson, 2003) .
Bottom-up urban inventories usually report emissions produced within the city's geographical or administrative boundary by all city actors (the local government itself, households, the private sector) [2] , applying a "territory principle": GHGs are assigned to the location where gases are emitted (e.g. location of fuel combustion or consumption). In specific cases, an "activity principle" is applied and GHGs are assigned to the location where the activity generating emissions takes place, even if gases are emitted outside IJCCSM 3,3 the defined activity boundary (e.g. emissions from imported electricity are allocated to the city). A relevant issue in the inventorying process is thus to identify the spatial area and the activities that should be included or not in the estimation, namely to quantify direct and indirect emissions [3] .
Studies on cities usually focus on emissions from energy end uses due to urban activities, as energy data are relatively easily available (e.g. from local utilities). This approach often does not take into account emissions associated with the whole energy chain, such as transport losses, refinery emissions or energy conversion losses: this issue should be considered when comparing emission values related to energy uses from different inventories. Kennedy et al. (2009b) show that, if included in the estimation, emissions due to the entire extraction, processing and transportation phases of fuels can increase emissions by 7-24 per cent.
Emissions embedded in products and services consumed within the city are more rarely included in urban inventories for the complexity of methods and reasons of data availability: considering embedded emissions would necessitate to take into account their full GHG impact during the complete life cycle (extraction of materials, production, distribution, use and disposal). Nonetheless several examples of inventories including embedded emissions for cities exist (e.g. the inventory of the City of Paris quantifies emissions associated with the consumption of food, cement and freight transport at city level, Mairie de Paris, 2009).
Another issue that influences the comparability of urban emission values is the definition of sectors within the inventory. In lack of a unique classification, emissions in urban inventories have been sub-divided in sectors with varying levels of aggregation and detail, according also to data availability. The IPCC guidelines for national inventories suggest five main sectors which cover almost all anthropogenic emissions (energy; industrial processes and product use; agriculture, forestry and other land use; waste; "other"), but do not reflect specificities of urban contexts. According to Bader and Bleischwitz (2009) , the following IPCC sectors and sub-sectors can represent the majority of urban emissions for European cities: the residential sector, transport, industry, services, industrial processes, fugitive emissions, waste, agriculture and the energy industry [4] .
Comparison of emission values within the sample
Within this paper, attention will be focused on the two sectors that have been proven as the most relevant for the majority of cities: the built sector and transportation. Their relative weight on overall emissions can indeed be quite different among cities. Sovacool and Brown (2009) compared carbon profiles of 12 metropolitan areas worldwide and found that energy and electricity use in buildings accounted for 24-87 per cent of total emissions, whereas transport accounted for 5-66 per cent. Table I displays emission values for the cities in the sample, expressed in per capita terms in order to facilitate the comparison. For a couple of cities (namely London and Milan) only CO 2 emissions are included.
Waste is usually the third most relevant sector in urban inventories and it is also the most complex in terms of emissions estimation, as waste degradation takes place over several years and urban inventories usually report emissions on annual basis. For waste, several estimation methodologies are in use for local inventories, showing discrepancies among them (Kennedy et al., 2009a) . Different methodologies have been applied also to cities of this paper's sample and, for this reason, this sector has not been included in the present work for analysis. Furthermore, waste covers a minor part of emissions in the overall urban GHG figure in most of the cities being considered. For Milan and London[5] , emissions from waste have not been quantified; for the other cities, this sector covers 1 per cent (New York City), 3 per cent (Bangkok), 4 per cent (Madrid) and 5 per cent (Chicago). Only for Mexico City the relative weight of waste is more significant, 11 per cent, which corresponds for the most part to methane emissions from waste stored in landfills of the Distrito Federal.
In the following paragraphs, emissions of the built sector and transportation will be disaggregated into main factors.
Built sector
Emissions that are usually reported in urban inventories for the residential and commercial sector are related to buildings operation, and are thus generated by direct fuel consumption and electricity use for various purposes. Several activities may entail either direct fuel use or electricity use according to the technology used, and thus produce emissions reported as direct or indirect within the inventory (Gupta and Chandiwala, 2009 ), e.g. air conditioning and space heating can be driven by gas, fuel oil and electricity; cooking stoves can be fuelled by gas, electricity, coal and wood. Broadly, direct fuel consumption is mainly dedicated to space heating and electricity consumption to the use of appliances and lighting. According to the typology of building these two scopes have different weights in the overall energy consumption and respective emissions: direct fuel consumption is more relevant in residential buildings compared with commercial ones (45 vs 31 per cent of overall emissions) and electricity use is far more relevant in the commercial sector (65 vs 43 per cent) (Gupta and Chandiwala, 2009) .
Emissions from direct fuel use are generally estimated applying the appropriate emission factor of each fuel (tCO 2 e/TJ) to the energy content of fuels consumed (TJ). For electricity, an emission factor representative of the carbon intensity of electricity supplied to the city is applied to the amount of electricity consumed. Usually, the choice of the emission factor for electricity is based on the average emission factor of plants of the main city's supplier. In alternative, the average emission factor of the national supply grid is considered as representative also of the local context. In both cases, emissions associated with power production depend on the technology of plants and the carbon intensity of resources consumed in power generation.
Emissions from the built sector are quantified in the following equation: EF e emission factor of electricity purchased in the city (CO 2 /kWhe); and S e floor space-consuming electricity (m 2 ). Equation (1) expresses emissions as a sum of two products of factors: the first one represents heating emissions as a product of fuel consumption for unit of built surface, for the surface of buildings where fuels are used, for the specific emission factor of each fuel. The second one represents emissions due to electricity consumption as a product of electricity consumption for unit of built surface, for the surface of buildings where electricity is used, for its specific emission factor. Data on the characteristics of the built stock are not always available at city level and, if they are collected, they are not necessarily comparable between different countries.
Only few cities have comprehensive and accessible databases with information on their overall built stock. More data are available for the residential sector, as information on the state of housing are collected by several city departments for policy and planning purposes.
As it was not possible to find data on built volumes or floor spaces for all cities included in the sample, emissions of residential buildings have been related to a proxy, the number of housing units [6] . Emissions of the seven cities have been broken up in factors highlighted in equation (1) (Tables II and III) .
Differences in emission factors of fuels, though existing, can be considered of secondary relevance. Data collected for the sample show that differences in fuel consumption are much more relevant. In particular, Chicago shows the highest fuel consumption per housing unit, almost doubling the overall consumption of following cities (New York and London Note: RE -renewable energy Sources: (a) Phdungsilp (2006) and BMA (2008) in Section 4 the factors behind these differences will be analyzed.
As far as emission factors are concerned, values used in the inventories to estimate emissions from energy consumption are similar among them and often IPCC default values are used (e.g. in the inventory of Mexico City and Chicago). Electricity shows the most significant differences in terms of carbon content per unit of energy consumed. The features of power production supplying the city can thus be considered among the determinants of urban emissions and will be specifically considered in Section 4.
Ground transport
Emissions from ground transport can be expressed as a function of several factors representing the amount of transport demanded by residents and city users and the ways through which such demand is satisfied. Grazi and van den Bergh (2008) highlight four "mechanisms of change" concerning GHG policies in the transport sector, which could be targeted through specific measures:
(1) transport volume carried out within the city, expressed in trips or kilometers travelled; (2) the modal split, that is the composition of traffic between freight and passenger transportation and the extent to which different modes are employed to move goods or are chosen by people for their travel needs, in particular for passengers ranging from private -motorized or non-motorized -transportation to public modes; (3) energy efficiency of motorized modes according to the technological features of the operating vehicle fleet; and (4) fuel types used, each characterized by different carbon contents.
Considering that the patterns of freight differ from passengers' transportation, emissions from ground transport are quantified as the sum of the two following equations:
where:
T j number of passengers' trips with "j" mode; Equations (2) and (3) express emissions as a product of factors which take in account these four components, highlighting differences in passenger demand from freight. For passenger transport, demand is represented by two factors, which taken together represent the overall transport volume generating emissions: the number of trips and the average trip length. Each mode is characterized by a specific average trip length, according to the typology of user carrying out the trip (e.g. commuters commonly perform longer trips than city residents) and to the kind of mode (e.g. trips on foot or by bicycle are usually shorter than trips performed with motorized modes). Furthermore, specific urban features can contribute to incentivize shorter or longer trips, according to the urban form and the distribution of activities within the city area. For motorized modes, in addition to transport demand factors, technological features are highlighted through emission factors, which should be differentiated according to vehicle categories (e.g. in Europe, the categories Euro 0, 1, 2, 3,. . .) and to fuels consumed.
For freight, transport volume is represented by vehicle kilometres travelled, resulting from the number of freight vehicle trips for the length of trips (Tables IV and V) .
Private cars have been found as the primary source of transport emissions in several urban areas worldwide, even in those cities supplied by a diffused public transport IJCCSM 3,3 network (Sovacool and Brown, 2009 ). Data on ground transport emissions within the sample show that higher emissions values are associated with a pattern of local mobility where private cars and freight transport cover a significant role (e.g. Chicago, Bangkok) and whose vehicle stock is more carbon intensive. In Chicago, for example, private traffic, both for passenger transportation and for freight, amounts to a higher volume compared to other cities included in the sample, as shown by activity data expressed in equations (2) and (3) (respectively, passenger trips and vehicle kilometres travelled per inhabitant). Passenger cars in Chicago carry on average less people per vehicle than other cities, as represented by data on the load factor, confirming a more intense utilisation of private cars compared to other cities. Furthermore, both the passenger and freight vehicle stock show a more carbon-intensive performance compared to the stock (Table VI) . For Bangkok freight travel appears as a major emissions source, also, whereas passenger transport shows low-activity values. Considering cities with the lowest values of ground transport emissions (London, Madrid, Mexico City and Milan), a decisive role in containing emissions seems played, on one side, by a lower carbon intensity in the stock of private vehicles and, on the other side, by the modal share of trips, thanks to the relevance of non-motorized and public transit mobility. For European cities, trips by subway/urban rail and walking play a relevant role, whereas for Mexico City the bus mode, comprising the quota covered by minibuses, is far more important. Moreover, the bus stock of the Mexican capital is less carbon intensive than in other cities. In Section 4, urban features influencing the modal split of trips will be analyzed.
Determinants of urban emissions
In the previous section, emissions were broken down in factors that already provide a more detailed view of emissions sectors. Now, urban characteristics that ultimately influence these factors will be identified. These "determinants" of emissions (2001) can be broadly grouped in macro-categories: (1) geographical and (2) morphological, that correspond to where the city is located, how it is built and designed; (3) infrastructural features and (4) technological aspects, related to the state of technology applied in activities generating emissions, such as energy, water, waste management services and transportation; (5) income and more in general the level of economic development and (6) the typologies of activities that characterize the local economy, which influence overall urban energy consumption and mobility in the metropolitan area; (7) energy and transportation prices, which influence purchasing choices and consumption behaviours of consumers; (8) habits of residents and city users. Relations between these elements are quite complex, as they interlink. In the following section, determinants of urban emissions will be analyzed in order to explain different emissions levels among cities. Even if the discussion will be mainly qualitative, some quantitative indicators will be employed.
Geography and climate
Cities are, first of all, territorial entities, whose geographical location has contributed throughout their history to shape their form and pattern of development (e.g. presence of a river, localization next to the sea, on an island or a flat, hilly or mountain area).
The availability of specific natural resources or territorial features can influence local infrastructures, e.g. for power generation (hydroelectric power generation) and the localization of plants, e.g. landfills and waste-to-power generation plants. Besides, the city's geographical position determines its climate and meteorological conditions and thus the energy needs for heating and cooling throughout the year. Kennedy et al. (2009b) show the relationship between the localization of ten global cities and their means of power generation. Furthermore, the authors highlight a correlation between local climate, expressed though heating degree days (HDD), and heating and industrial fuel use in the ten cities.
In Section 3 quite different values for residential energy consumption of the seven cities have been found. A necessary premise is that a few cities are characterized by climate conditions that do not require heating (Bangkok and Mexico City). Residential energy use thus represents mainly other final uses (cooking, water heating and use of electric appliances).
In the remaining cities, local climate plays a significant role in shaping residential emissions, as it is shown by the relevant correlation between the residential consumption of fuels and the number of HDD of the metropolitan area where the city is located (Table VII) .
In order to compare energy and emission values normalizing the effect of local climatic conditions, the ratio of direct fuel consumption in a housing unit (Q i ) and the specific heating needs (HDD) of the city has been calculated. Results confirm the highest energy consumption for Chicago, lower consumption for European cities, in particular for Madrid, and for New York City.
For electricity consumption such climate correspondence does not remain valid: the quantity of electricity used per housing unit cannot be directly related to cooling needs, expressed by cooling degree days (CDD), as the value comprises also the usage of electric appliances, which is influenced by the energy efficiency of the appliances themselves, the level of economic welfare of residents and habits.
Different end-uses of residential electricity can be highlighted in each country according to climate conditions. This factor is in particular of an utmost importance in cities located in areas with a tropical climate, as Bangkok. Almost half of electricity consumption of households in the Bangkok Metropolitan Area, as assumed in Phdungsilp (2006) , is dedicated to air conditioning. In the other cities, this quota is quite limited, as reported in their emissions inventory: in New York City, Mexico City and London, air conditioning covers, respectively, 5, 3 and 1 per cent of emissions from residential buildings; in Madrid 0.2 per cent of residential energy consumption. Such data are not available for Milan and Chicago.
Morphology
City size and shape directly affect overall urban energy consumption and transport volume. As the OECD report "Competitive cities and climate change" points out (Kamal-Chaoui and Robert, 2009), urbanization entails a higher energy demand in absolute terms, but if per capita values are considered a correlation between higher density and reduced electricity demand can be highlighted (e.g. comparing electricity use in countries with similar climate conditions and varying urban density). This could also be due to smaller sizes of urban homes, which require less energy for conditioning and have less transfer area (Gupta and Chandiwala, 2009 ). Parshall et al. (2009) find that core counties of New York City, the densest in the metropolitan area, show lower energy consumption in comparison with other US urban counties. Authors suggests that the presence of multi-family housing stock and smaller than average residential housing units could be the reason of these low-energy consumptions values.
Considering the morphology of the city and of the built stock, density can be taken as a proxy of the compactness of the built environment and of the preponderance of multi-family housing (Table VIII) . A correlation can be found in the sample between the degree of density of the urbanized area and the level of residential energy consumption (Q e þ Q i ): high density appears associated with limited energy consumption (e.g. Mexico City), cities with intermediate values of density have also similar values for energy use (e.g. European cities) and higher energy consumption are associated with low density (e.g. Chicago). Bangkok constitutes a notable exception as, despite low density, it shows quite low-consumption values, probably for the absence of heating consumptions.
Age and typology of buildings have the most significant correlation with their energy performance (CLG, 2006 respectively, about 60 and 42 per cent of the housing built before 1950 (Table IX) . This may entail a worse energy efficiency for their residential built stock in comparison with the other cities. Chicago and Madrid characterize themselves for the newest built stock, with, respectively, 18 and 15 per cent of the housing built in the last 20 years.
Nonetheless, the housing built stock in US cities has on average a bigger size in comparison with the other cities (Table X) , and this could contribute to entail higher energy consumption in Chicago.
For what concerns transport, there is a significant relation between higher density, reduced car and energy use per person and low CO 2 emission values, as density encourages the use of public transportation (Kenworthy, 2003) : higher concentrations of residents and workers help reaching the threshold of profitability of public transport and justify investments in a dense public transport supply, thus leading to a more accessible and diffused network. A sprawled city encourages the use of private vehicles, as the lack of a sufficient number of users leads to a diffused transport demand which cannot be covered entirely by the public transport network.
Increasing urban density has been called upon as a possible strategy for reducing GHG emissions in cities, but significant changes in the urban form can only take place in the long run. A changing in the localization and mix of urban functions 1920 1920-1945/1950 1945/1950-1970/1975 1970/1975-1990 (residential, commercial, tertiary and recreational functions) can strongly affect transportation demand. Urban services attract users from the surrounding areas and thus generate a demand of transportation towards and within the city. The spatial distribution of functions determines the spatial distribution of trips and their average length: districts with mixed functions, with easily accessible services and commercial areas next to homes, are more favourable to short trips, which in turn are more suitable for non-motorized modes, helping to reduce emissions from transport. As in the built sector, also for transportation lower emissions in the city sample are associated with a denser urban environment, confirming that cities characterized by a sprawled development (e.g. Chicago) entail a significant higher use of private motorized modes. Bangkok, once again, is an exception. Although the city with highest emissions within this sector, the car dependence seems not so relevant as for Chicago (Section 3). Milan also does not confirm the correspondence between density and non-motorized mobility, showing a high level of private cars trips and a lower number of trips on foot in comparison with other dense cities (Table XI) .
Infrastructure
The built environment and the transportation system may perform differently in terms of energy use and emissions, according to the kind of infrastructure that lies behind the provision of resources and services. For what concerns buildings, for example, the availability of a district heating or cooling network can entail significant environmental benefits, as they capture and use heat produced during energy generation thus avoiding the consumption of further fossil fuels. The deployment of such energy infrastructure is in turn favoured by the density and compactness of the built environment, as the concentration of customers provides the necessary conditions for the economic viability of the system (Kamal-Chaoui and Robert, 2009). For transportation, the choice and use of specific modes by residents and city users can be limited or favoured by the extent and quality of the transportation supply and infrastructure, e.g. the availability of bicycle lanes, pedestrian space and road pricing systems can encourage non-motorized modes; the extension of the public transport network and the degree of integration among public transportation means is certainly a favourable condition to stimulate people to renounce to private car use. Table XII shows for London and New York, where diffused underground networks are available, the highest values of transport supply, and for Bangkok a value similar to European cities.
Significantly, cities with highest values of passenger cars trips are characterized by lower levels of public transport supply.
Technology
As the estimation of emissions from cities mainly relies on energy use data, carbon intensity of fuels consumed and the technology behind electricity generation supplying city demand are of utmost relevance in influencing urban emissions. Also emissions of the overall "energy chain" -thus evaluated along the entire extraction, processing and transportation phases of fuels -depend on the energy efficiency of plants and the quality of transmission infrastructures (Table XIII) .
Data on the fuel mix of electricity generation have been collected for the seven cities and represent either the mix of sources to produce electricity supplied through the national grid or the mix characterizing "local" power generation plants, which have been considered in the emissions inventories of the cities to estimate the overall GHG figure. Electricity supplied to European cities has on average a smaller carbon content in comparison with the other urban contexts, thanks to a major role of nuclear and renewable sources in the overall mix. This is reflected in lower emission values for buildings, compared to US cities. By contrast, cities reporting the heaviest carbon intensity for electricity (Chicago and Mexico City) show the highest reliance on coal and oil on the overall fuel mix composition. This could contribute to shape a heavier emission level for Chicago. Further technological issues regard the typologies of appliances, heating systems and vehicles used within the city, whose energy efficiency and fuel mix directly influence energy consumption and emissions of buildings and transportation. The legislative framework, at regional as well as national and international level, can fix standards and regulations which directly target these aspects (e.g. European directives on energy efficiency of appliances and average emission performances of new vehicles). As far as transportation is concerned, data on the features of the vehicle stocks help interpreting emissions values given in Section 3. High emissions' values can be related to a very inefficient vehicle stock, as clearly emerges considering Bangkok's commercial vehicles fleet and transit vehicles. Even if new vehicles sold in Thailand are technologically advanced, there is a consolidated practice of refurbishing historic vehicles, maintaining old engines. This practice determines a very low efficiency of the in-use stock (The World Bank, 2007) . A similar practice is in use for the bus fleet managed by the Bangkok Metropolitan Transport Authority (The World Bank, 2007) .
Within the considered sample of cities, lower emissions values for transportation can be found in cities having a newer stock of private vehicles. Furthermore, on average European cars are more fuel efficient than vehicles operating in the other countries (e.g. 12.5 km/l in the EU, in comparison to 9.5 km/l in the USA and Thailand, 8.5 km/l in Mexico) (Table XIV) .
Economic activities in place
Urban economy contributes to shape the overall GHG emissions of a city, according to the typologies of activities in place. In global cities, urban functions are predominantly service related, often including advanced sectors -accountancy, law, finance, banking, research, and this is reflected also in their emissions levels.
Emissions from the tertiary sector usually appear in urban inventories through the energy uses they entail, i.e. in buildings and transports, and share some determinants with the residential sector. Some features of the built stock, as for example, (2006) buildings typologies, sizes of commercial units, efficiency and types of heating and cooling devices, could be explored to evaluate which service activities contribute mostly to urban emissions. Services and jobs located in the city attract users and commuters from peripheral areas, stimulating ground transport, but, as global cities are nodes of a international urban network and may host specialized functions, they also have wider basins of attractiveness -the region, the whole country, foreign countries -according to the typologies of services provided and their degree of specialization. In specific cases, cities can be characterized by the presence of manufacturing activities, covering different quotas of overall emissions. In emerging countries, manufacturing activities are still located in urban contexts and, for their relevant energy consumption levels, they represent a majority of the city's emissions [7] .
The cities in the sample are all ranked in international classifications of global cities as pre-eminent centres of economic activity. London and New York have a recognized primary role in the global urban network showing the highest level of integration and gaining the highest world city status, Alphaþþ cities, in the classification of the Globalization and World Cities (GaWC) [8] . The other cities, according to GaWC ranging from the status of Alpha þ to Alpha 2 , all represent important urban areas linking major economic regions into global economy, with a relevant provision of advanced services. Cities of the sample located in emerging economies, Bangkok and Mexico City, are both administrative poles within their countries and represent a significant share of the overall national product.
As emerges from data on the distribution of employees within the primary, secondary and tertiary sectors, these statuses correspond to a mainly service-oriented urban economy. Looking at advanced services, in London 30 per cent of employee jobs are in the financial and business sector, in Milan 33.5 per cent is covered by research, information technology and business activities. The financial sector is now dominating also Bangkok's economy, that in the last decade has experienced a strong change in its employment structure, with manufacturing workers decreasing since the 1990s (Nakagawa, 2004) (Table XV) .
The weight of emissions from the industrial sector is limited (4 per cent in Chicago, 7 per cent London and less than 1 per cent Madrid), except for Mexico City (22 per cent). Despite a service-oriented distribution of jobs, in the Federal District of Mexico City factories operating in the chemical, food, beverage and tobacco, machinery, metal products and equipment transport industries are located.
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Income
Based on IEA data, Gupta and Chandiwala (2009) report a correlation between building emissions and levels of socio-economic development, showing higher per capita buildings emissions in industrialized countries; similarly, Croci et al. (2010) find in a limited sample of cities that buildings emissions are higher for cities in industrialized countries. Other comparative papers have found an influence of economic factors on heating and industrial fuel use, suggesting that personal income may be associated with larger sizes for homes or modify the levels of thermal comfort required by city residents (Kennedy et al., 2009b) .
Within the sample, a relation between emissions in the residential sector and the level of economic welfare, expressed by GDP per capita, is valid, at least for cities in developed countries. Bangkok's emissions are maybe affected by an upwards effect caused by the relevant electricity consumption, in response to the local tropic wet and dry climate which characterizes its position.
For what concerns transport, even if economic welfare is generally associated with increased car ownership and higher motorization, previous studies have found no statistical correlation between per capita private transport energy use and GDP per capita, suggesting that policy, physical differences between cities and personal choices are more relevant in influencing the use of different transport modes (Kenworthy, 2003) . Nevertheless, in developing countries a certain correlation between income level and transport modes may be identified, as lower income people can often rely only on non-motorized transport modes (e.g. slum dwellers of large metropolitan cities experience limitations to their mobility as they cannot afford the costs of private of even transit modes and housing is often located in areas that lack connection to the urban transportation network, Bertaud et al., 2009) . Rapidly, developing countries are experiencing extraordinary private motorization growth rates associated with rising incomes (Lebel et al., 2007, on Asian countries) , and this is also entailing a significant growth of emissions in the transportation sector, even if for lower income groups non-motorized modes still constitute a relevant part of private mobility (Lebel et al., 2007) .
On the contrary cities, which are characterized by high levels of per capita income, can have high share of public transit and low emission transport modes, and this seems confirmed in most of the cities in the sample (Table XVI) 
Prices
Energy prices and the relative price of alternatives to satisfy urban needs affect local emissions, also according to the price elasticity of demand of consumers towards specific goods and services. Prices are actually composed by taxes and charges applied by several institutional levels: examples in the transport sector are taxes on automotive fuels, which are usually set at national level, and road pricing systems, which apply a fee on vehicle users according to defined criteria (e.g. when entering a defined area) and are usually defined by local authorities.
Reactions to changes in energy prices can take place in the long run and in a short-term period, also depending on the type of investments that they imply for the consumer. In the building sector, for example, home refurbishment and renovations are usually longer term investment decisions. In transportation, changes in fuel prices cause shifts of consumers towards alternative fuels or different car types, varying the average emission contents of the vehicle stock; variations in the relative price of public transportation in comparison to private-motorized modes can cause a shift in the modal pattern of mobility in a short-term view.
As highlighted in Kamal-Chaoui and Robert (2009) , behaviours respond to incentives that attribute a price to GHG intensive and unsustainable practices. Such measures can thus be used as a stimulus to change and be an effective part of climate change strategies defined by city governments.
Culture
Different attitudes exist towards energy consumption and energy saving, as appears for example when buildings are operated. According to Gupta and Chandiwala (2009) , even if there is lack of precise information about variations in energy use due to behaviours, energy data show that occupants of identical homes can vary the final energy use of a factor of two or three with different energy patterns use. Furthermore, individual aspects affect the choice of more efficient electric appliances, the attitude towards the refurbishment of homes (i.e. investments in insulation of walls, more efficient windows, micro-renewables for residential use) and the level of desired thermal comfort. Personal and cultural factors can also influence the choice of specific transport modes, e.g. cycling habits, despite unfavourable climate and territorial conditions.
Even if climate change has gained increased importance in the global agenda as an urgent issue, it is difficult at the moment to estimate how each underlying motivation [9] underlines how access to information is a determinant of good environmental governance, as it provides decision makers and the public opinion with the necessary tools and knowledge to understand environmental issues and trends. In low-income countries such access is often denied to a significant share of population, for several reasons: limited investments, lack of infrastructure, an unfavourable socio-economic environment. Statistics are available on the access to ICT and information media, showing how worldwide access can vary significantly in its extent. Quoting a few data related to internet, which can be considered as a primary and up-to-date source on environmental information, values range from 500 to 750 people on 1,000 with access to internet, respectively, in Europe and North America, to 100-200 in Asia and Central America.
Furthermore, educational and awareness campaigns are determinant to rise people's sensitiveness towards climate change and the role that cities can play in reducing emissions. All climate plans published by local authorities of the seven cities considered in this analysis foresee a variety of measures to address different stakeholders, in order to provide them with incentives and information which can orientate them towards less carbon-intensive lifestyles.
Conclusions
The authors have compared GHG emissions attributable to the residential sector and ground transport of seven global cities, chosen for their different characteristics in terms of climate conditions, urban form and level of economic performance, making use of the values published in their emissions inventories. Emissions have been disaggregated into basic factors (indicators of activity; emissions factors) and have then been "read" through a set of urban features -territorial, economic, technical, social and cultural -in order to verify which elements can be considered as "determinants" of emissions in each city.
Looking at residential emissions, a primary determinant is climate, which entails more relevant energy consumption levels for those cities having higher heating needs (e.g. Chicago, London, New York City) or cooling needs (Bangkok, as emerges from electricity consumption levels).
In similar climate conditions, nonetheless, levels of direct fuel consumption vary significantly in relation to the features of the residential stock. Cities with a dense built environment consume lower energy quantities per housing unit. This stands out for example when comparing two cities as Chicago and New York City, which, beside climate, also share similar conditions in terms of economic welfare and the technological features of appliances in use. Furthermore, in similar climate conditions, a better energy efficiency of the built stock seems relevant in explaining lower energy consumption level: comparing energy use in Madrid and Milan, the former is characterized by a relatively newer built stock, which shows better energy performances than Milan's residential stock.
Electricity consumption, on the contrary, seems strictly related with the level of economic welfare, as emerges considering the significant quantities of electricity consumed in Chicago, New York City and London. This could be linked to a larger diffusion of appliances and electric devices than lower income cities. A better energy efficiency of newer appliances could be outweighed by a significant rise in the number, and variety, of appliances in use. Further data at city level are needed to support these observations. IJCCSM 3,3
Looking at ground transport, the form and density of cities appear as determinant in shaping modes in use and emissions: high density enables cities to satisfy a relevant quota of passenger demand through non-motorized transport (e.g. New York City) and, thanks to a diffused network, through public transit (e.g. New York, London, Mexico City, Milan). Cities with lower density show, on the contrary, significant use of private cars and higher emissions. Features of the vehicle stock are determinant in particular for cities where the stock is very inefficient (e.g. Bangkok) or very efficient (e.g. Milan). In the first case, it contributes to entail significant emissions levels, and its effect is probably emphasized by difficult traffic conditions; for Milan, a vehicle stock characterized by a relatively low-carbon intensity outweighs the significant use of private cars and contributes to maintain low emissions' values.
Finally, a particular focus should be dedicated to freight transport, whose role appears significant in cities with higher emissions (Chicago and Bangkok). This sector could be targeted through specific policies concerning the overall truck activity (e.g. in Chicago trucks cover a greater share of vehicles kilometres travelled than nationally -52 vs 41 per cent, CNT, 2008); or targeting vehicle efficiency and carbon performances of the commercial vehicle fleet (e.g. in Bangkok, limitations to freight transport within the city have been in place for several years, but they have incentivized the use of smaller vehicles, which have been found comparatively less efficient -The World Bank, 2007) .
The review has shown how each determinant can act differently according to the city and the local context. Further efforts should be dedicated to deal more significantly with specific determinants -such as technological features of appliances and heating systems, prices, in particular how car usage can be discouraged through road pricing systems, and the influence of culture and habits.
The consistency of urban data used for comparison (e.g. methodology, assumptions, geographical coverage), which is probably the main bias of this work, should also be deepened. In several cases, the lack of sources of information and of standardized data has not enabled a more detailed comparison among the cities in the sample.
Nonetheless, the work has developed a detailed insight into two significant urban emissions sectors and main emissions components. Such a view can help a city in identifying where effective levers are available at the local decision-making scale, and which levers are more suitable to be integrated in the city's planning strategies. A possible development of this work could focus on linking determinants to policy measures, in order to provide local authorities with a complete overview of their leeway to act in GHG-emitting sectors.
Notes
1. The "US Conference of Mayors Climate Protection Agreement" sets the American Kyoto target at city level and is currently endorsed by more than 1,000 municipalities (available at: www.usmayors.org/climateprotection/agreement.htm); the European Covenant of Mayors involves almost 2,000 municipalities and commits them in adopting a Sustainable Energy Action Plan, with a target going beyond the 20 per cent reduction of GHG emissions by 2020 (available at: www.eumayors.eu/).
2. An inventory may refer to the operational boundaries of the local government promoting the climate strategy and focus on emissions caused directly by operations, sources and facilities controlled by the local government itself (Bader and Bleischwitz, 2009) . As GHGs attributable to local governments are usually a small fraction of overall city emissions, operational emissions are most of the times included in broader -geographically based -inventories.
3. The concept of "scopes", elaborated by WRI within the GHG Protocol Reporting Standard to classify corporate emissions, has been adapted by ICLEI to local governments, in order to support them in the categorization of emissions sources. According to ICLEI's protocol, territorial emissions can be distinguished in: Scope 1 -direct emissions, i.e. all GHG that are directly emitted within the territory, such as stationary combustion, mobile combustion, process and fugitive emissions; Scope 2 -indirect emissions which result as a consequence of activities of the territory, such as emissions due to the generation of electricity, district heating, steam and cooling; Scope 3 -all other indirect emissions (e.g. landfill, compost emissions) and embodied emissions (e.g. due to the consumption of goods and services within the city) (ICLEI, 2008) .
4. Global cities are relevant hubs of air traffic. This aspect is sometimes quantified in urban inventories through the estimation of aviation emissions, accounting for flights departing or getting to the city. UNEP, UN-Habitat and the World Bank, in their draft protocol to measure urban GHGs, suggest that emissions due to carry away passengers from a city should be included in every inventory (UNEP, UN-Habitat and The World Bank, 2010).
5. With reference to LECI, the London Energy and CO 2 Emissions Inventory 2003.
6. The US Census Bureau provides the following definition of housing unit, "a house, an apartment, a mobile home, a group of rooms, or a single room that is occupied (or if vacant, is intended for occupancy) as separate living quarters. Separate living quarters are those in which the occupants live and eat separately from any other persons in the building and which have direct access from the outside of the building or through a common hall" (www.quickfacts.census.gov/qfd/meta/long_87079.htm). 8. GaWC web site (available at: www.lboro.ac.uk/gawc/).
9. WRI, "Earthtrends: environmental information", web site (available at: www. earthtrends.wri.org/).
